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1. Introduction
  Malaria is a major health problem in Nigeria and other 
tropical countries where transmission of the disease is 
rarely under control. It is estimated that, half of a million 
classes of malaria is recorded each year and an average of 1 
million children in Africa die annually from the disease[1]. 
Eight percent of Nigerians are exposed to malaria with at 
least 60 million people having repeated attacks in year[2]. 
Drug resistance, side effects, high cost of newer drugs 
have been the major factors affecting the poor populace, 
thus making the choice of herbal remedies inevitable and 
economical. The severity of the disease and other factors 
has made the search for an effective, cheap and readily 
available antimalrials are highly warranted. Plants have 
always been considered to be a possible alternative and 
rich source of new drugs and most of the antimalarial drugs 
in use today such as quinine and artemisinin were either 
obtained directly from plants or developed using chemical 
structures of plant-derived compounds as templates[3]. 
In general, marine plants such as sea grasses, mangroves 
and sea weeds are proved to have a variety of biological 
activities such as antibacterial, antifungal, antiplasmodial, 
anti inflammatory and anti viral properties[4-6]. Even 
though studies related with antiplasmodial activities are too 
limited. In this connection the present study was made an 
attempt to find out the possible antiplasmodial compounds 
from chosen sea weeds in South West coast of India.
2. Material and methods 
2.1. Preparation of extracts 
  Fresh samples of Ulva fasciata, Enteromorpa compressa, 
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Enteromorpha intestinalis, Chaetomorpha antennina, 
Chaetomorpha indica, Helimida gracilus, Gracilaria edulis 
and Sargassum wightii were collected from different 
geographical locations in Kanyakumari district, Tamilnadu, 
India and botanically authenticated by Dr. Eswaran, 
Scientist-in-charge, Central Marine Fisheries Research 
Institute, Mandapam, Ramanathapuram District, Tamil 
Nadu, India. The family names, geographical locations, 
percentage of extracts and yields are described in Table 1. 
A sample voucher specimen is deposited in the herbarium 
cabinet facility (Sponsored by Indian Council of Medical 
Research, New Delhi) in the Department of Oceanography 
and Coastal Area Studies, Alagappa University, Thondi 
Campus, Thondi, Ramanathapuram district, Tamil Nadu, 
India. All the collected samples were washed thrice with tap 
water and twice with distilled water to remove the adhering 
salts and other associated animals.  
2.2. Extract preparation
  Shade dried seaweeds were subjected for percolation by 
soaking in methanol and water mixture (3︰1). After 21 days 
of dark incubation, the filtrate was concentrated separately 
by rotary vacuum evaporation (>45 ℃) and then freeze 
dried (-80 ℃) to obtain solid residue. The percentage of 
extraction was calculated by using the following formula: % 
of extraction = Weight of the extract (g)/ Weight of the plant 
material (g) 伊 100. The preliminary phytochemical analyses 
were estimated by using standard protocols[7]. 
2.3. Parasite cultivation 
  The in vitro antiplasmodial activity of seaweed extracts 
were assessed against Plasmodium falciparum (P. 
falciparum) obtained from the Jawaharlal Nehru Centre for 
Advanced Scientific Research, Indian Institute of Science, 
Bangalore, India. P. falciparum are cultivated in human 
O Rh+ red blood cells using RPMI 1640 medium (HiMedia 
Laboratories Private Limited, Mumbai, India) supplemented 
with O Rh+ serum (10%), 5% sodium bicarbonate (HiMedia 
Laboratories Private Limited, Mumbai, India) and 40 毺g/
mL of gentamycin sulphate (HiMedia Laboratories Private 
Limited, Mumbai, India). Hematocrits were adjusted at 5% 
and parasite cultures were used when they exhibited 2% 
parasitaemia.
2.4. In vitro antiplasmodial assay
  The seaweed extracts were dissolved in dimethyl 
sulphoxide (HiMedia Laboratories Private Limited, Mumbai, 
India) and filtered through Millipore sterile filters (mesh 
0.20 毺m, Sartorious Stedim Biotech GmbH, Germany). 
Various concentrations (100, 50, 25, 12.5, 6.25 and 3.125毺g/
mL) filter sterilized extracts were incorporated in to 96 well 
tissue culture plate containing 200 毺L of P. falciparum 
culture with fresh red blood cells diluted to 2% hematocrit. 
Negative control was maintained with fresh red blood cells 
and 2% parasitized P. falciparum diluted to 2% hematocrit, 
positive control was maintained with parasitized blood 
cells culture treated with chloroquine and artemether[8]. 
Parasitaemia was evaluated after 48 h by Giemsa stain and 
the average percentage suppression of parasitaemia was 
calculated by the following formula: Average % suppression 
of parasitaemia = Average % parasitaemia in control- 
Average % parasitaemia in test/Average % parasitaemia in 
control 伊 100. 
2.5. Statistical analysis 
  The antiplasmodial activity of seaweed extracts is 
expressed by the inhibitory concentrations 50 (IC50), 
representing the concentration of drug that inhibited a 50% 
parasitaemia decrease compared to the positive control 
culture referred as 100% parasitaemia. The IC50 values were 
calculated (concentration of extract in X axis and percentage 
of inhibition in Y axis) using Office XP (SDAS) software with 
linear regression equation[9]. 
3. Results
  The table 1 showed that, the laboratory numbers of seaweed 
specimen, weight of the plant material, gram yield of the 
plant extract and the results showed that, the maximum 
amount of gram yield was identified with the Gracilaria 
edulis species but the maximum percentage of extraction was 
identified with Enteromorpha intestinalis (2.61%) followed 
by Gracilaria edulis (2.37%), Chaetomorpha antennina 
(2.19%) and minimum percentage of yield was recorded with 
Enteromorpha compressa (0.37%). The in vitro antiplasmodial 
assay revealed that, all the seaweed extracts showed dose 
dependant inhibition parasitemia of which minimum 
level of inhibitory (IC50) concentration was observed with 
Chaetomorpha antennina [(26.37依4.14) 毺g/mL] followed 
by Enteromorpha compressa [(55.92依7.26) 毺g/mL] and the 
positive controls such as chloroquine and artemether were 
showed the IC50 value with the (19.10依5.93) and (6.03依0.21) 
毺g/mL concentrations respectively (Table 2). The result of 
the preliminary analysis showed that, sugars were present 
in all the selected 8 seaweed species. But, carboxylic 
acids were present only in the Enteromorpha intestinalis, 
Chaetomorpha antennina and Chaetomorpha indica further, 
phenol groups are present only in Chaetomorpha antennina 
and Chaetomorpha indica species alone. In addition, resins 
and steroids were present only in Enteromorpha intestinalis.
4. Discussion
  Nature has good source of medicinal agents for thousands 
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of years and an immersive number of modern drugs have 
been isolated from natural sources based on the traditional 
information[10]. Historically, many plants have provided 
large contributions to human health and well being[11]. 
Traditionally, marine plants are used to cure many of the 
infectious and non infectious diseases[12], in that, seaweeds 
are scientifically proved to have many of the biological 
activities such as antibacterial, antifungal, antiviral, anti-
inflammatory, cytotoxic, nematicidal, antifeedant, larvicidal 
and anticoagulant activities[13-15]. Studies related with 
antiplasmodial activities from seaweeds are too restricted. 
In this regard, the present study was investigated with eight 
different seaweed extracts collected from South West Coast 
of India against P. falciparum strain. Based on Rasaonaivo 
et al[16] recommendation the antiplasmodial compounds 
were categorized in to the major groups (Very active: < 
5 毺g/mL; Active:<50 毺g/mL; Weakley active: between 
50 to 100 毺g/mL; Inactive: >100 毺g/mL concentraions). 
Depends upon his recommendation, the methanolic extract 
of Chaetomorpha antennina displayed active ingredients 
than the other extracts. Previously, the seaweed extract of 
Chaetomorpha antennina are proved to have antibacterial, 
cytotoxic, nematicidal, larvicidal, antifeedant and 
antifungal[13,14]. The existence of antiplasmodial activities 
of this seaweed extract might be due to the presence of 
unique chemical classes such as sugars (polysaccharides) 
and phenol compounds. The antiplasmodial activity of 
sugars (polysaccharides) are proved to have good merozoites 
inhibitory activity in P. falciparum[17] and rosettes disruption 
activities[18]. Moreover, the phenolic compounds from plant 
Table 1 
Family names, collection sites, specimen names and percentage yields of methanolic seaweed extracts. 
Family Name of the plant species Specimen no.
Weight of the 
plant extract (g)
Yield
Collection sites
(g) (%)
Chlorophyceae Ulva fasciata (Delile) AUOCAS029S 136 0.78 0.57
Vattakottai
(08°-07’.3.4”-  77°-34’.34”)
Caulerpaceae
Enteromorpha compressa
(Linnaeus) Nees (Kasahara)
AUOCAS030S 170 0.64 0.37 Muttam and   arokiapuram
(08°.07’.06.5”-77°-34’.34”)
Mandapam
(09°.16’.22”-79°.08’.25”)
Enteromorpha intestinalis
(Linnaeus) Nees (Chapman)
AUOCAS031S   92 2.41 2.61
Cladophoraceae
Chaetomorpha antennina
 (Bory)Kuetz
AUOCAS032S 178 3.91 2.19 Arokiapuram
(08°.o7’.06.5”-77.33’.58”)
Chaetomorpha indica (Kutzing) Kutz AUOCAS033S 205 3.91 1.91
Chlorophyceae Helimida gracilus (Harr. Ex. J. Ag) AUOCAS034S 112 1.96 1.75
Mandapam
(09°.16’.22”-79°.08’.25”)
Gracillariaceae Gracilaria edulis (Gmel.) silva AUOCAS035S 195 4.62 2.37
Muttom
(08°.07’.06.5”-77°-34’.34”)
Arokiapuram
(08°.07’.06.5”-77.33’.58”)
Sargassaceae Sargassum wightii  Greve. AUOCAS036S 164 2.95 1.80
Vattakottai
(08°.07’.3.4-77’.34’.34”)
Table 2
Percentage suppression of parasitemia and IC50 values of seaweed extracts against P. falciparum.
Plant parts Percentage suppression of parasitaemia (%) IC50 (毺g/mL)
3.125 毺g/mL 6.25 毺g/mL 12.5 毺g/mL 25 毺g/mL 50 毺g/mL 100 毺g/mL
Ulva fasciata   0.00依0.00   0.00依0.00   0.00依0.00   2.90依0.09* 12.98依0.97* 27.98依1.09* >100
Enteromorpha compressa   2.87依0.82* 12.98依1.02* 34.01依7.34* 48.37依9.93* 52.72依12.98* 68.54依18.87* 55.92依7.26
Enteromorpha intestinalis   0.00依0.00   3.59依0.84*   7.87依2.98* 23.98依2.93* 36.98依7.87* 56.84依2.98* 83.04依12.09
Helimida gracilus   0.00依0.00   0.00依0.00   0.00依0.00   0.00依0.00   7.85依0.39* 18.53依1.02* >100
Gracilaria edulis   0.00依0.00   0.00依0.00   0.00依0.00   0.00依0.00   4.98依0.92* 12.87依1.82* >100
Chaetomorpha indica   0.00依0.00 11.77依1.76* 14.98依5.29* 17.93依2.98* 36.98依4.84* 54.87依4.87* 85.46依12.76
Chaetomorpha antennina 18.52依3.54* 31.47依2.83* 43.98依1.65* 61.09依2.85* 78.70依1.87* 93.98依2.40* 26.37依4.14
Sargassum wightii   0.00依0.00   0.00依0.00   0.00依0.00   1.65依0.23*   8.94依0.82* 14.98依1.94* >100
Chloroquine 17.83依5.91* 38.08依13.42* 51.72依18.41* 69.02依16.86* 86.07依21.03* 92.01依14.86* 19.10依5.93
Artemether 27.83依7.01* 48.08依17.29* 61.72依14.83* 71.02依21.95* 94.93依13.64* 98.01依16.86*   6.03依0.21
*P<0.01 between concentration and plants.
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extracts are also proved to have in vitro antiplasmodial 
activity[19-21]. Many of the polyphenols are well documented 
to treat chronic diseases such as cardiovascular disease, 
cancer, diabetes, bacterial and parasitic infections also[22,23]. 
Moreover, Enteromorpha compressa, Enteromorpha 
intestinalis and Chaetomorpha indica are proved to have 
the weakly active ingredients. The present findings pave a 
way to develop the carbohydrate and phenol based drug for 
the treatment of malaria. It is concluded from the present 
study that, the seaweed which collected from Kanyakumari 
coast, Tamilnadu, India possesses novel antiplasmodial 
compounds against P. falciparum. Studies related with in 
vivo antiplasmodial analysis and structural elucidations are 
in progress to find out the novel molecules.    
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